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We show how, using multipartite entanglement, the symmetries among bosons and fermions of
the Standard Model of particle physics emerge. Fermions belong to tripartite maximally entangled
classes starting with basic chiral right and left states. Quarks and leptons belong to different classes,
with only leptons appearing as asymptotic states in three space dimensions. The Higgs boson is
the scalar mode with a nonvanishing vacuum expectation value, other bosons are as usual linked to
symmetry generators.
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I. INTRODUCTION
The Standard Model (SM) of particle physics encom-
passes our knowledge and understanding of the elemen-
tary particles and forces and successfully describes the
matter in the 3D world, where 3D refers to the num-
ber of space dimensions. The theory is built around the
SU(3)C⊗[SU(2)×U(1)]EW gauge symmetry with unbro-
ken color (C) symmetry and electroweak (EW) symme-
try spontaneously broken down to the electromagnetic
U(1)EM symmetry. It exhibits a left-right (L-R) chi-
ral symmetry as well as the P(1,3) Poincare´ symme-
try of space-time. The spectrum in 3D has elemen-
tary fermionic and bosonic modes. The Higgs field is
the scalar bosonic mode in the theory with a nonzero
vacuum expectation value (vev). Other bosonic modes
are associated with the symmetry generators, massive
ones with generators of spontaneously broken symme-
tries. Fermionic modes are leptons with EW interactions
and quarks with both EW and color interactions. In 3D
most signs of color are hidden (confinement), neither is
there an obvious fermion-boson supersymmetry (SUSY).
In this letter, we restrict ourselves to the emergence
of quantum states and the relevant symmetries in the
SM. For this we borrow concepts from Quantum Infor-
mation Theory (QIT). One of these concepts are multi-
partite states. Entanglement is a basic property of mul-
tipartite quantum states and one distinguishes classes
of entangled states. Take as the basic starting point
a qubit basis of right (R) and left (L) states, |R〉 and
|L〉 in the Hilbert space H. For bipartite states in
H ⊗ H there is just a single class of entangled states,
the Bell-states with as a maximally entangled represen-
tant |Bell〉 = 1√
2
(|RR〉+ |LL〉) or equivalently the states
1√
2
(|RL〉 ± |LR〉). These representing states are equiva-
lent under local unitary (LU) transformations VA ⊗ VB ,
where local refers to any of the subspaces. More pre-
cisely the equivalence for entanglement classes is under
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stochastic local operations and classical communication
(SLOCC). For details we refer to Ref. [1], in which a thor-
ough study is presented of the entangled tripartite states
in H⊗3 = H ⊗H ⊗H. Tripartites belong to two classes
represented by the GHZ and W-states [1–4],
|GHZ〉 = (|RRR〉+ |LLL〉)/
√
2, (1)
|W〉 = (|LRR〉+ |RLR〉+ |RRL〉)/
√
3. (2)
Just as Bell states, these states are maximally entangled
(MaxEnt) states. Entanglement is measured by look-
ing at the non-purity of the reduced density matrix ρ.
It is measured by 0 ≤ 1 − Tr(ρ2) ≤ 1 (0 for pure sys-
tems) or by quantities like the von Neumann entropy
S = −Tr(ρ ln ρ). As will be shown in the remainder of
this letter, these concepts can in combination with basis
sets of two and three degrees of freedom be used to under-
stand how all symmetries of the SM emerge. Preliminary
ideas on this have been outlined in Refs. [5–7].
For the study of emergence of symmetries, we note that
symmetry eigenstates are in general entangled. E.g. al-
lowing all phases, the bipartite qubit states belonging to
H ⊗H can be organized in singlet and triplet represen-
tations of SU(2)T , with generators T = t ⊗ 1 + 1 ⊗ t.
All states are built from product states |a〉 ⊗ |b〉 = |ab〉
and have a density matrix with maximal rank two (using
a Schmidt decomposition). The mixed symmetry states
|RL〉 ± |LR〉 are MaxEnt. The aligned symmetry states
|RR〉 and |LL〉 are not entangled and actually form a
doublet under diagonal transformations V ⊗V generated
by t ⊗ t, which we will refer to as aligned fundamen-
tal representations. The aligned symmetry states can
be combined into the MaxEnt state |RR〉 + |LL〉. Our
main conjecture is that the physically relevant degrees of
freedom correspond to the classes of MaxEnt tripartite
states. For this we look at the equivalence classes of en-
tangled states, their symmetries and the reduced density
matrices, following the QIT methods of Ref. [1]. We note
that the selection of particular suitable bases of entan-
gled multipartite states can play a role in classical versus
quantum behavior [8] and might even be governed by a
MaxEnt principle [9] as a rule.
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2II. BASIC STATES
In order to reproduce the SM symmetries for tripar-
tite states, it is sufficient to start with a much simpler
basis in the subspace. One needs right (R) and left (L)
states and in addition three real degrees of freedom la-
beled i = 1, 2, 3, which in the usual way can be reorga-
nized into a complex charged pair (charges ±) and one
neutral degree of freedom. The relevant symmetries in
the Hilbert space are local unitary SU(3) rotations, un-
der which the right states form a triplet (3) represen-
tation and the left states form an anti-triplet (3∗) rep-
resentation, such that the basis is CP-symmetric under
the combination of charge conjugation (C) and R-L in-
terchange (parity P). Discrete symmetry groups of the
qubits R/L and the triplet basis are Z(2) and Z(3), sub-
groups of A(4), algebraically represented by generators S
for Z(2) and T for Z(3) satisfying S2 = T 3 = (ST )3 = 1.
To get the right symmetries of the SM one finally needs
bosons and fermions as basic states in a supersymmetric
fashion, shown in Fig. 1.
The degrees of freedom are described with hermitean
fields that create/annihilate the states, ϕ = (a+a†)/
√
2ω
and ξ = (b+ b†)/
√
2 with [a, a†] = {b, b†} = 1, where the
excitations ϕ for the boson fields are around a bosonic
vev. It is natural to look at entanglement classes for
fields as these are sums over allowed modes. The anti-
hermitean supercharge combination Q =
√
ω(b†a − ba†)
transforms fermions into bosons and vice versa, satisfying
{Q,Q†} = ω({a†, a}+ [b†, b]), (3)
which contains on the RHS the Hamiltonian, number op-
erator multiplying energy scale ω. In the presence of in-
ternal degrees of freedom, there are several Hamiltonians
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FIG. 1: Basic triplet/antitriplet of right-handed (φiR) and
left-handed bosons (φiL) and the corresponding fermion mul-
tiplets. Choosing electroweak axes (Y , I3) and the charge
assignment Q = I3 + Y/2 they are identified as charged and
neutral states, e.g. for bosons φ+R, φ
0
R, φ
−
R.
(diagonal entries on the RHS) but it also incorporates all
(unitary) transformations in internal space. The algebra
for the fields is
[Q,φ] = ξ, (4)
F = {Q, ξ} = {Q, [Q,φ]} = iDφ, (5)
[Q,F ] = [Q, {Q, ξ}] = iDξ, (6)
where the covariant derivative iD = i∂+ gA splits into a
part i∂ governing space-time dependence linked to the
Hamiltonians and gauge fields gA, emerging from the
pseudoscalar degrees of freedom, that ensure local sym-
metry, which in our multipartite setting includes space-
time and internal transformations.
III. SPACE-TIME DEPENDENCE AND LOCAL
GAUGE INVARIANCE
With the basic starting point being a single degree of
freedom, there is only a single Hamiltonian on the RHS
of Eq. 3, which describes time-dependence as an imple-
mentation of the U(1) symmetry via Eq. 5, with the RHS
just being iDφ = φ˙. With decoupled right- and left de-
grees of freedom one has two (commuting) Hamiltonians,
P± = H ± P , allowing (light-cone) times x± as imple-
mentation of the U(1)R⊗U(1)L symmetry. Coupling R/L
and including the boost operator, [K,P±] = ±i P±, one
obtains the Poincare´ P(1,1) algebra with Casimir oper-
ator M2 = P+P−. The space-time dependence emerges
through the full covariant derivative,
φ(x) = P exp
(
−i
∫ x
0
ds·D(s)
)
φ, (7)
where the field sums over momentum modes. Provided
that all symmetries are present in Minkowski space and
field space, this establishes the Poincare´ invariance of
fields. For instance, for the P(1,1) symmetry, a pure
gauge gApureσ = i ∂ση corresponds to a boost with rapid-
ity η, bringing χ→ χ eη and (τ, 0)→ (τ cosh η, τ sinh η).
One does need this matching symmetry in field space
in order to respect the Coleman-Mandula theorem [10].
This is basically what is the situation for the quite gen-
eral Wess-Zumino (WZ) lagrangian [11], which for our
purposes would be restricted to 1+1 dimension. In this
lagrangian the boost symmetry is present through field
constraints 2φRφL = φ
2
S − φ2P = 1, the latter containing
the scalar and pseudoscalar fields φR/L = (φS±φP )/
√
2.
The pseudoscalar field also serves as the gauge field in
1D. The WZ lagrangian has a mass M for fermions
and bosons that not only couples left and right but
also serves as the dimensionful fermion-boson coupling
g = M/2. Besides pure gauge transformations, physical
effects of gauge symmetries are governed by the Wilson
loopW [C] = exp(−ig ∮ ds·A) or equivalently locally non-
vanishing field strength gFτσ = δW [C]/δσ
τσ. With the
WZ action in 1D one has a full supersymmetric field the-
ory with two dimensionless bosonic fields, recoupled to a
3single (complex) field
φ
√
2 = eipi/4φR + e
−ipi/4φL = φS + iφP , (8)
with nonzero vev 〈φS〉 = 1, and two Majorana fields com-
bined into a two-component (chiral) fermionic field,
ψ =
1√
2
[
ξR
−iξL
]
. (9)
Returning to the space-time symmetries with a mass
term coupling R and L the Hamiltonian becomes
H = αP + βM =
[
P M
M −P
]
, (10)
with β = γ0 = ρ
1 off-diagonal and α = γ0γ
3 = ρ3 = γ5
being diagonal (+1, −1). The gamma matrices (γ0, γ3) =
β(1, α) = (ρ1,−iρ2) satisfy {γρ, γσ} = 2 gρσ, explicitly
γρ =
[
0 nρ−
nρ+ 0
]
, γ5 =
[
1 0
0 −1
]
, (11)
which is all well-known when implementing covariance
and in particular boost invariance for fermions.
The step from 1D to 3D involves extending the Hamil-
tonians from (H,P ) → (H,P ) using SO(3) invariance,
the P(1,3) algebra being the closure of the commutator
algebra [P(1,1),SO(3)]. This rotates (n0, n3) → (n0,n)
and for fermions take (1,±1) → (1,±σ) to get the 1+3
Clifford algebra (in chiral representation) for good light-
front fermion fields [12, 13]. The 1D pseudoscalar fields
are combined into 3D vector fields. For all fields one has
the standard requirements of Poincare´ invariance, while
an action that allows curvature in the 1D to 3D extension
is possible [14]. The 1D to 3D extension is the tripartite
entanglement of three real degrees of freedom, analogous
to the 3D harmonic oscillator (HO) viewed as entangled
tripartite quantum states in the product space of three
1D HOs with the SU(3) invariance still being visible in
the spectrum [15]. It is important to realize that the
Z(3) symmetry among the three space directions given
the time direction and the Z(2) symmetry associated with
R-L, implies an oriented embedding of E(1,1) in E(1,3)
space-time, governed by the A(4) symmetry that was al-
ready mentioned in the previous section.
IV. TRIPARTITE ENTANGLEMENT
Looking for MaxEnt SLOCC-equivalent classes for tri-
partite states, only the R-L qubit structure matters. Be-
cause of LU the SU(3) symmetry is not relevant for en-
tanglement. As pointed out in Ref. [1], it is useful to
consider the tripartite-entangled GHZ and W classes to-
gether with the three classes of product states involving
bipartite-entangled states. We label these three classes
I, U and V, because with the assignment of I3 − Y the
AB-C class has entangled I-spin symmetry eigenstates
or aligned combinations of them. The two other classes
contain U-spin or V-spin symmetry states. With this
assignment shown in Fig. 2 for MaxEnt states, we can
study the tripartite modes built from the bases in Fig. 1.
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3D, c = 1
<latexit sha1_base64="e0FkGpYZF2C87JKY4wjauB/Y+As=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH9PQ6O0GX fsL7WOZPpV5W7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbwl0E=</latexit><latexit sha1_base64="e0FkGpYZF2C87JKY4wjauB/Y+As=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH9PQ6O0GX fsL7WOZPpV5W7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbwl0E=</latexit><latexit sha1_base64="e0FkGpYZF2C87JKY4wjauB/Y+As=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH9PQ6O0GX fsL7WOZPpV5W7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbwl0E=</latexit><latexit sha1_base64="e0FkGpYZF2C87JKY4wjauB/Y+As=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH9PQ6O0GX fsL7WOZPpV5W7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbwl0E=</latexit>
1D, c = 3
<latexit sha1_base64="NBZPAUFsC9WIdOsWR49UxQXdWbs=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH1LvOTtCl n/A+lvlT6WlW7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbOl0E=</latexit><latexit sha1_base64="NBZPAUFsC9WIdOsWR49UxQXdWbs=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH1LvOTtCl n/A+lvlT6WlW7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbOl0E=</latexit><latexit sha1_base64="NBZPAUFsC9WIdOsWR49UxQXdWbs=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH1LvOTtCl n/A+lvlT6WlW7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbOl0E=</latexit><latexit sha1_base64="NBZPAUFsC9WIdOsWR49UxQXdWbs=">A AACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmqoBuhoAuXFewDmlAm00k7dB5hZiKWEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHPvzL0njClR2n W/rYXFpeWV1dJaeX1jc2vb3tltKZFIhJtIUCE7IVSYEo6bmmiKO7HEkIUUt8PRVe6377FURPA7PY5xwOCAk4ggqI3Us/d9FoqH1LvOTtCl n/A+lvlT6WlW7tkVt+pO4MwTryAVUKDRs7/8vkAJw1wjCpXqem6sgxRKTRDFWdlPFI4hGsEB7hrKIcMqSCc3ZM6RUfpOJKQprp2J+nsih UypMQtNJ4N6qGa9XPzP6yY6ughSwuNEY46mH0UJdbRw8kCcPpEYaTo2BCJJzK4OGkIJkTax5SF4syfPk1at6rlV7/asUq8VcZTAATgEx8 AD56AObkADNAECj+AZvII368l6sd6tj2nrglXM7IE/sD5/AFbOl0E=</latexit>
AB-C
<latexit sha1_base64="T7Xpd5uPt9WHAIDjKAuS3uo4Ft4=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+ym9uLxrRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvcyQ1Q==</latexit><latexit sha1_base64="T7Xpd5uPt9WHAIDjKAuS3uo4Ft4=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+ym9uLxrRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvcyQ1Q==</latexit><latexit sha1_base64="T7Xpd5uPt9WHAIDjKAuS3uo4Ft4=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+ym9uLxrRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvcyQ1Q==</latexit><latexit sha1_base64="T7Xpd5uPt9WHAIDjKAuS3uo4Ft4=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+ym9uLxrRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvcyQ1Q==</latexit>
BC-A
<latexit sha1_base64="VyPGBtfHY1jWBIW8BmDnFG2IYOE=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+y28bFzbRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvdGQ1Q==</latexit><latexit sha1_base64="VyPGBtfHY1jWBIW8BmDnFG2IYOE=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+y28bFzbRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvdGQ1Q==</latexit><latexit sha1_base64="VyPGBtfHY1jWBIW8BmDnFG2IYOE=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+y28bFzbRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvdGQ1Q==</latexit><latexit sha1_base64="VyPGBtfHY1jWBIW8BmDnFG2IYOE=">A AAB8nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1 NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4GLOIEWys5PdEKJ+y28bFzbRfrrhV dw60SrycVCBHs1/+6g0kSQWNDeFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2YoNmqu/JzIstJ6I0HYKbEZ62ZuJ/ 3l+aqLrIGNxkhoak8WiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+VxFOEETuEcPLiCOtxBE1pAQMIzvM KbY5wX5935WLQWnHzmGP7A+fwBvdGQ1Q==</latexit>
I = Ir, YI
<latexit sha1_base64="/8WtrAAhV+gC/N5MwKcLm68DUlc=">A AAB8nicbVBNSwMxEJ31s9avqkcvwSJ4kLJbBL0IBS/2VsF+yHYt2TTbhmaTJckKpfRnePGgiFd/jTf/jdl2D9r6YODx3gwz88KEM21c99 tZWV1b39gsbBW3d3b39ksHhy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHST+e0nqjST4t6MExrEeCBYxAg2VvLr1/VHdY4eevVir1R2 K+4MaJl4OSlDjkav9NXtS5LGVBjCsda+5yYmmGBlGOF0WuymmiaYjPCA+pYKHFMdTGYnT9GpVfooksqWMGim/p6Y4FjrcRzazhiboV70M vE/z09NdBVMmEhSQwWZL4pSjoxE2f+ozxQlho8twUQxeysiQ6wwMTalLARv8eVl0qpWPLfi3V2Ua9U8jgIcwwmcgQeXUINbaEATCEh4hl d4c4zz4rw7H/PWFSefOYI/cD5/ACnwj84=</latexit><latexit sha1_base64="/8WtrAAhV+gC/N5MwKcLm68DUlc=">A AAB8nicbVBNSwMxEJ31s9avqkcvwSJ4kLJbBL0IBS/2VsF+yHYt2TTbhmaTJckKpfRnePGgiFd/jTf/jdl2D9r6YODx3gwz88KEM21c99 tZWV1b39gsbBW3d3b39ksHhy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHST+e0nqjST4t6MExrEeCBYxAg2VvLr1/VHdY4eevVir1R2 K+4MaJl4OSlDjkav9NXtS5LGVBjCsda+5yYmmGBlGOF0WuymmiaYjPCA+pYKHFMdTGYnT9GpVfooksqWMGim/p6Y4FjrcRzazhiboV70M vE/z09NdBVMmEhSQwWZL4pSjoxE2f+ozxQlho8twUQxeysiQ6wwMTalLARv8eVl0qpWPLfi3V2Ua9U8jgIcwwmcgQeXUINbaEATCEh4hl d4c4zz4rw7H/PWFSefOYI/cD5/ACnwj84=</latexit><latexit sha1_base64="/8WtrAAhV+gC/N5MwKcLm68DUlc=">A AAB8nicbVBNSwMxEJ31s9avqkcvwSJ4kLJbBL0IBS/2VsF+yHYt2TTbhmaTJckKpfRnePGgiFd/jTf/jdl2D9r6YODx3gwz88KEM21c99 tZWV1b39gsbBW3d3b39ksHhy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHST+e0nqjST4t6MExrEeCBYxAg2VvLr1/VHdY4eevVir1R2 K+4MaJl4OSlDjkav9NXtS5LGVBjCsda+5yYmmGBlGOF0WuymmiaYjPCA+pYKHFMdTGYnT9GpVfooksqWMGim/p6Y4FjrcRzazhiboV70M vE/z09NdBVMmEhSQwWZL4pSjoxE2f+ozxQlho8twUQxeysiQ6wwMTalLARv8eVl0qpWPLfi3V2Ua9U8jgIcwwmcgQeXUINbaEATCEh4hl d4c4zz4rw7H/PWFSefOYI/cD5/ACnwj84=</latexit><latexit sha1_base64="/8WtrAAhV+gC/N5MwKcLm68DUlc=">A AAB8nicbVBNSwMxEJ31s9avqkcvwSJ4kLJbBL0IBS/2VsF+yHYt2TTbhmaTJckKpfRnePGgiFd/jTf/jdl2D9r6YODx3gwz88KEM21c99 tZWV1b39gsbBW3d3b39ksHhy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHST+e0nqjST4t6MExrEeCBYxAg2VvLr1/VHdY4eevVir1R2 K+4MaJl4OSlDjkav9NXtS5LGVBjCsda+5yYmmGBlGOF0WuymmiaYjPCA+pYKHFMdTGYnT9GpVfooksqWMGim/p6Y4FjrcRzazhiboV70M vE/z09NdBVMmEhSQwWZL4pSjoxE2f+ozxQlho8twUQxeysiQ6wwMTalLARv8eVl0qpWPLfi3V2Ua9U8jgIcwwmcgQeXUINbaEATCEh4hl d4c4zz4rw7H/PWFSefOYI/cD5/ACnwj84=</latexit>
V = Ig, YV
<latexit sha1_base64="Whp5yVZssFufl6bB+0i55p9PSao=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsGmlTSWzXbTLt1swu5GKKE/w4sHRbz6a7z5b9y0OWjrg4HHezPMzAsSzpS27W +rtLK6tr5R3qxsbe/s7lX3D1wVp5LQNol5LLsBVpQzQduaaU67iaQ4CjjtBOPr3O88UalYLO71JKF+hIeChYxgbSTPvbp9HJ6hh75b6Vdr dt2eAS0TpyA1KNDqV796g5ikERWacKyU59iJ9jMsNSOcTiu9VNEEkzEeUs9QgSOq/Gx28hSdGGWAwliaEhrN1N8TGY6UmkSB6YywHqlFL xf/87xUh5d+xkSSairIfFGYcqRjlP+PBkxSovnEEEwkM7ciMsISE21SykNwFl9eJm6j7th15+681mwUcZThCI7hFBy4gCbcQAvaQCCGZ3 iFN0tbL9a79TFvLVnFzCH8gfX5A0D5j90=</latexit><latexit sha1_base64="Whp5yVZssFufl6bB+0i55p9PSao=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsGmlTSWzXbTLt1swu5GKKE/w4sHRbz6a7z5b9y0OWjrg4HHezPMzAsSzpS27W +rtLK6tr5R3qxsbe/s7lX3D1wVp5LQNol5LLsBVpQzQduaaU67iaQ4CjjtBOPr3O88UalYLO71JKF+hIeChYxgbSTPvbp9HJ6hh75b6Vdr dt2eAS0TpyA1KNDqV796g5ikERWacKyU59iJ9jMsNSOcTiu9VNEEkzEeUs9QgSOq/Gx28hSdGGWAwliaEhrN1N8TGY6UmkSB6YywHqlFL xf/87xUh5d+xkSSairIfFGYcqRjlP+PBkxSovnEEEwkM7ciMsISE21SykNwFl9eJm6j7th15+681mwUcZThCI7hFBy4gCbcQAvaQCCGZ3 iFN0tbL9a79TFvLVnFzCH8gfX5A0D5j90=</latexit><latexit sha1_base64="Whp5yVZssFufl6bB+0i55p9PSao=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsGmlTSWzXbTLt1swu5GKKE/w4sHRbz6a7z5b9y0OWjrg4HHezPMzAsSzpS27W +rtLK6tr5R3qxsbe/s7lX3D1wVp5LQNol5LLsBVpQzQduaaU67iaQ4CjjtBOPr3O88UalYLO71JKF+hIeChYxgbSTPvbp9HJ6hh75b6Vdr dt2eAS0TpyA1KNDqV796g5ikERWacKyU59iJ9jMsNSOcTiu9VNEEkzEeUs9QgSOq/Gx28hSdGGWAwliaEhrN1N8TGY6UmkSB6YywHqlFL xf/87xUh5d+xkSSairIfFGYcqRjlP+PBkxSovnEEEwkM7ciMsISE21SykNwFl9eJm6j7th15+681mwUcZThCI7hFBy4gCbcQAvaQCCGZ3 iFN0tbL9a79TFvLVnFzCH8gfX5A0D5j90=</latexit><latexit sha1_base64="Whp5yVZssFufl6bB+0i55p9PSao=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsGmlTSWzXbTLt1swu5GKKE/w4sHRbz6a7z5b9y0OWjrg4HHezPMzAsSzpS27W +rtLK6tr5R3qxsbe/s7lX3D1wVp5LQNol5LLsBVpQzQduaaU67iaQ4CjjtBOPr3O88UalYLO71JKF+hIeChYxgbSTPvbp9HJ6hh75b6Vdr dt2eAS0TpyA1KNDqV796g5ikERWacKyU59iJ9jMsNSOcTiu9VNEEkzEeUs9QgSOq/Gx28hSdGGWAwliaEhrN1N8TGY6UmkSB6YywHqlFL xf/87xUh5d+xkSSairIfFGYcqRjlP+PBkxSovnEEEwkM7ciMsISE21SykNwFl9eJm6j7th15+681mwUcZThCI7hFBy4gCbcQAvaQCCGZ3 iFN0tbL9a79TFvLVnFzCH8gfX5A0D5j90=</latexit>
U = Ib, YU
<latexit sha1_base64="jpuy5E0Rtwkrf0c0MetYn8g5k5I=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsG0lTSWzXbTLt3sht2NUEJ/hhcPinj113jz35i0OWjrg4HHezPMzAtizrSx7W +rtLK6tr5R3qxsbe/s7lX3D9paJopQl0guVTfAmnImqGuY4bQbK4qjgNNOML7O/c4TVZpJcW8mMfUjPBQsZASbTPLcq9vH4Aw99N1Kv1qz 6/YMaJk4BalBgVa/+tUbSJJEVBjCsdaeY8fGT7EyjHA6rfQSTWNMxnhIvYwKHFHtp7OTp+gkUwYolCorYdBM/T2R4kjrSRRknRE2I73o5 eJ/npeY8NJPmYgTQwWZLwoTjoxE+f9owBQlhk8ygoli2a2IjLDCxGQp5SE4iy8vk3aj7th15+681mwUcZThCI7hFBy4gCbcQAtcICDhGV 7hzTLWi/VufcxbS1Yxcwh/YH3+ADY0j9Y=</latexit><latexit sha1_base64="jpuy5E0Rtwkrf0c0MetYn8g5k5I=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsG0lTSWzXbTLt3sht2NUEJ/hhcPinj113jz35i0OWjrg4HHezPMzAtizrSx7W +rtLK6tr5R3qxsbe/s7lX3D9paJopQl0guVTfAmnImqGuY4bQbK4qjgNNOML7O/c4TVZpJcW8mMfUjPBQsZASbTPLcq9vH4Aw99N1Kv1qz 6/YMaJk4BalBgVa/+tUbSJJEVBjCsdaeY8fGT7EyjHA6rfQSTWNMxnhIvYwKHFHtp7OTp+gkUwYolCorYdBM/T2R4kjrSRRknRE2I73o5 eJ/npeY8NJPmYgTQwWZLwoTjoxE+f9owBQlhk8ygoli2a2IjLDCxGQp5SE4iy8vk3aj7th15+681mwUcZThCI7hFBy4gCbcQAtcICDhGV 7hzTLWi/VufcxbS1Yxcwh/YH3+ADY0j9Y=</latexit><latexit sha1_base64="jpuy5E0Rtwkrf0c0MetYn8g5k5I=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsG0lTSWzXbTLt3sht2NUEJ/hhcPinj113jz35i0OWjrg4HHezPMzAtizrSx7W +rtLK6tr5R3qxsbe/s7lX3D9paJopQl0guVTfAmnImqGuY4bQbK4qjgNNOML7O/c4TVZpJcW8mMfUjPBQsZASbTPLcq9vH4Aw99N1Kv1qz 6/YMaJk4BalBgVa/+tUbSJJEVBjCsdaeY8fGT7EyjHA6rfQSTWNMxnhIvYwKHFHtp7OTp+gkUwYolCorYdBM/T2R4kjrSRRknRE2I73o5 eJ/npeY8NJPmYgTQwWZLwoTjoxE+f9owBQlhk8ygoli2a2IjLDCxGQp5SE4iy8vk3aj7th15+681mwUcZThCI7hFBy4gCbcQAtcICDhGV 7hzTLWi/VufcxbS1Yxcwh/YH3+ADY0j9Y=</latexit><latexit sha1_base64="jpuy5E0Rtwkrf0c0MetYn8g5k5I=">A AAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCHoRCl70VsG0lTSWzXbTLt3sht2NUEJ/hhcPinj113jz35i0OWjrg4HHezPMzAtizrSx7W +rtLK6tr5R3qxsbe/s7lX3D9paJopQl0guVTfAmnImqGuY4bQbK4qjgNNOML7O/c4TVZpJcW8mMfUjPBQsZASbTPLcq9vH4Aw99N1Kv1qz 6/YMaJk4BalBgVa/+tUbSJJEVBjCsdaeY8fGT7EyjHA6rfQSTWNMxnhIvYwKHFHtp7OTp+gkUwYolCorYdBM/T2R4kjrSRRknRE2I73o5 eJ/npeY8NJPmYgTQwWZLwoTjoxE+f9owBQlhk8ygoli2a2IjLDCxGQp5SE4iy8vk3aj7th15+681mwUcZThCI7hFBy4gCbcQAtcICDhGV 7hzTLWi/VufcxbS1Yxcwh/YH3+ADY0j9Y=</latexit>
A-B-C
<latexit sha1_base64="DaTT3rqj7uXCFJ/PgTSSGj12jAQ=">A AAB83icbVBNS8NAEJ3Ur1q/qh69BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KGFUG8/7dg pr6xubW8Xt0s7u3v5B+fCoo2WqMGljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNBY0pRsZKQcAj+ZRdV2+qzWm/XPFq 3hzuKvFzUoEcrX75KxhInHIiDGZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUsYd67+nsgQ13rCI9vJkRnpZW8m/ uf1UhNfhRkVSWqIwItFccpcI91ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8jiKcwCmcgw+X0IBbaEEbMCTwDK /w5qTOi/PufCxaC04+cwx/4Hz+ACqJkQw=</latexit><latexit sha1_base64="DaTT3rqj7uXCFJ/PgTSSGj12jAQ=">A AAB83icbVBNS8NAEJ3Ur1q/qh69BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KGFUG8/7dg pr6xubW8Xt0s7u3v5B+fCoo2WqMGljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNBY0pRsZKQcAj+ZRdV2+qzWm/XPFq 3hzuKvFzUoEcrX75KxhInHIiDGZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUsYd67+nsgQ13rCI9vJkRnpZW8m/ uf1UhNfhRkVSWqIwItFccpcI91ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8jiKcwCmcgw+X0IBbaEEbMCTwDK /w5qTOi/PufCxaC04+cwx/4Hz+ACqJkQw=</latexit><latexit sha1_base64="DaTT3rqj7uXCFJ/PgTSSGj12jAQ=">A AAB83icbVBNS8NAEJ3Ur1q/qh69BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KGFUG8/7dg pr6xubW8Xt0s7u3v5B+fCoo2WqMGljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNBY0pRsZKQcAj+ZRdV2+qzWm/XPFq 3hzuKvFzUoEcrX75KxhInHIiDGZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUsYd67+nsgQ13rCI9vJkRnpZW8m/ uf1UhNfhRkVSWqIwItFccpcI91ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8jiKcwCmcgw+X0IBbaEEbMCTwDK /w5qTOi/PufCxaC04+cwx/4Hz+ACqJkQw=</latexit><latexit sha1_base64="DaTT3rqj7uXCFJ/PgTSSGj12jAQ=">A AAB83icbVBNS8NAEJ3Ur1q/qh69BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KGFUG8/7dg pr6xubW8Xt0s7u3v5B+fCoo2WqMGljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNBY0pRsZKQcAj+ZRdV2+qzWm/XPFq 3hzuKvFzUoEcrX75KxhInHIiDGZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUsYd67+nsgQ13rCI9vJkRnpZW8m/ uf1UhNfhRkVSWqIwItFccpcI91ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8jiKcwCmcgw+X0IBbaEEbMCTwDK /w5qTOi/PufCxaC04+cwx/4Hz+ACqJkQw=</latexit>
SU(3)
<latexit sha1_base64="NmEVcRVGVxneeSDHUtzc2+283o8=">A AAB9HicbVDLTsJAFJ3iC/GFunQzkZjghrRooksSNy4xWiCBhkyHKUyYR52ZEknDd7hxoTFu/Rh3/o1T6ELBk9zk5Jx7c+89YcyoNq777R TW1jc2t4rbpZ3dvf2D8uFRS8tEYeJjyaTqhEgTRgXxDTWMdGJFEA8ZaYfjm8xvT4jSVIoHM41JwNFQ0IhiZKwU9Hgon9J7v3pxPiv1yxW3 5s4BV4mXkwrI0eyXv3oDiRNOhMEMad313NgEKVKGYkZmpV6iSYzwGA1J11KBONFBOj96Bs+sMoCRVLaEgXP190SKuNZTHtpOjsxIL3uZ+ J/XTUx0HaRUxIkhAi8WRQmDRsIsATigimDDppYgrKi9FeIRUggbm1MWgrf88ipp1WueW/PuLiuNeh5HEZyAU1AFHrgCDXALmsAHGDyCZ/ AK3pyJ8+K8Ox+L1oKTzxyDP3A+fwB1r5Es</latexit><latexit sha1_base64="NmEVcRVGVxneeSDHUtzc2+283o8=">A AAB9HicbVDLTsJAFJ3iC/GFunQzkZjghrRooksSNy4xWiCBhkyHKUyYR52ZEknDd7hxoTFu/Rh3/o1T6ELBk9zk5Jx7c+89YcyoNq777R TW1jc2t4rbpZ3dvf2D8uFRS8tEYeJjyaTqhEgTRgXxDTWMdGJFEA8ZaYfjm8xvT4jSVIoHM41JwNFQ0IhiZKwU9Hgon9J7v3pxPiv1yxW3 5s4BV4mXkwrI0eyXv3oDiRNOhMEMad313NgEKVKGYkZmpV6iSYzwGA1J11KBONFBOj96Bs+sMoCRVLaEgXP190SKuNZTHtpOjsxIL3uZ+ J/XTUx0HaRUxIkhAi8WRQmDRsIsATigimDDppYgrKi9FeIRUggbm1MWgrf88ipp1WueW/PuLiuNeh5HEZyAU1AFHrgCDXALmsAHGDyCZ/ AK3pyJ8+K8Ox+L1oKTzxyDP3A+fwB1r5Es</latexit><latexit sha1_base64="NmEVcRVGVxneeSDHUtzc2+283o8=">A AAB9HicbVDLTsJAFJ3iC/GFunQzkZjghrRooksSNy4xWiCBhkyHKUyYR52ZEknDd7hxoTFu/Rh3/o1T6ELBk9zk5Jx7c+89YcyoNq777R TW1jc2t4rbpZ3dvf2D8uFRS8tEYeJjyaTqhEgTRgXxDTWMdGJFEA8ZaYfjm8xvT4jSVIoHM41JwNFQ0IhiZKwU9Hgon9J7v3pxPiv1yxW3 5s4BV4mXkwrI0eyXv3oDiRNOhMEMad313NgEKVKGYkZmpV6iSYzwGA1J11KBONFBOj96Bs+sMoCRVLaEgXP190SKuNZTHtpOjsxIL3uZ+ J/XTUx0HaRUxIkhAi8WRQmDRsIsATigimDDppYgrKi9FeIRUggbm1MWgrf88ipp1WueW/PuLiuNeh5HEZyAU1AFHrgCDXALmsAHGDyCZ/ AK3pyJ8+K8Ox+L1oKTzxyDP3A+fwB1r5Es</latexit><latexit sha1_base64="NmEVcRVGVxneeSDHUtzc2+283o8=">A AAB9HicbVDLTsJAFJ3iC/GFunQzkZjghrRooksSNy4xWiCBhkyHKUyYR52ZEknDd7hxoTFu/Rh3/o1T6ELBk9zk5Jx7c+89YcyoNq777R TW1jc2t4rbpZ3dvf2D8uFRS8tEYeJjyaTqhEgTRgXxDTWMdGJFEA8ZaYfjm8xvT4jSVIoHM41JwNFQ0IhiZKwU9Hgon9J7v3pxPiv1yxW3 5s4BV4mXkwrI0eyXv3oDiRNOhMEMad313NgEKVKGYkZmpV6iSYzwGA1J11KBONFBOj96Bs+sMoCRVLaEgXP190SKuNZTHtpOjsxIL3uZ+ J/XTUx0HaRUxIkhAi8WRQmDRsIsATigimDDppYgrKi9FeIRUggbm1MWgrf88ipp1WueW/PuLiuNeh5HEZyAU1AFHrgCDXALmsAHGDyCZ/ AK3pyJ8+K8Ox+L1oKTzxyDP3A+fwB1r5Es</latexit>
FIG. 2: Different classes of local MaxEnt tripartite pure
states. The arrows indicate the action of, in general non-
invertible, local operators between classes of entangled states
and the underlying product states (Ref. [1], Fig. 1). Added
to the classes are symmetries discussed in Section IV (3D or
1D, color, I-, U- or V-spin).
A. Leptons
The easiest states to analyse are the GHZ fermions,
which involve qubits RRR or LLL in the fundamental
aligned SU(3) representation, the same as the original
basis. The reduced density matrix of ρ = |GHZ〉〈GHZ|,
ρAB = TrC(ρ) =
1
2 (|RR〉〈RR|+ |LL〉〈LL|) , (12)
has rank 2 and is a mixture of pure states involving
aligned I-spin symmetry states in AB-C class. The
other reduced matrices involve aligned U-spin and V-spin
states. The easiest way to look at the symmetry struc-
ture of the fermions is to look at the full set of SU(3)
roots, using the well-known I-, U- or V-spin axes. This
is done for tripartite states starting with the basis states
in Fig. 1. Actually starting with a symmetric basis, the
results are shown in Fig. 3 as I-, U- or V-spin states. The
GHZ fermions correspond to the corners in the diagram
in Fig. 3 having allowed roots for I-spin, U-spin as well
as V-spin. At this point, it is useful to realize that the
discrete A(4) ⊂ SU(3) symmetry implies that the trans-
formations tI ⊗ tU ⊗ tV are LU equivalent to diagonal
transformations tI ⊗ tI ⊗ tI , where tI = (I, YI) are the
generators of the relevant SU(2)I×U(1)Y in the AB-C
bipartite entangled class, etc. Since A(4) is a subgroup
for both SO(3) and SU(3), one can label the aligned tri-
partite states as SO(3) representations and include this
group into a P(1,3) symmetry group, forming a direct
product P(1,3)⊗[SU(2)I×U(1)Y ]. In this way the aligned
GHZ fermions are identified as leptons, shown in Fig. 4.
These leptons have integer charges and live in 3D. The
leptons belong to singlet representations of the A(4) em-
bedding group, which has three singlet and three triplet
representations. This allows the identification of three
families of leptons where the A(4) symmetry plays an
important role in the family mixing [16–21].
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FIG. 3: Roots for SU(3) that are allowed for GHZ- and W-
type tripartite states made up of right (1,2,3) or left (1, 2, 3)
states. Using standard I3−Y assignment, states with integer
or half-integer values of I-, U - or V -spin are shown. The
actual values of the roots for tripartite states are represented
as averages, I3 = (I3A + I
3
B + I
3
C)/3, etc.
B. Quarks and confinement
The second class of entangled tripartite states are W-
states with R-L entanglement given in Eq. 2. The re-
duced density matrix of ρ = |W〉〈W| is
ρAB = TrC(ρ) =
2
3 (|Bell〉〈Bell|+ |RR〉〈RR|) , (13)
which has rank 2 but remains entangled in the AB-C
class of I-spin states. Similarly the other reduced density
matrices remain entangled in bipartite U-spin or V-spin
classes. Identifying tI ⊗ tU ⊗ tV as tr ⊗ tb ⊗ tg (with
colors r, g, b) shows that there is a symmetry struc-
ture SU(3)C×[SU(2)I×U(1)Y ] where the electroweak W-
states also belong to triplet (or anti-triplet) representa-
tions of SU(3)C , leading to the natural identification with
colored quarks and antiquarks. With respect to the A(4)
symmetry group, the quarks also form triplets, leading
also for quark (W) classes to a three-family structure,
one of them massive. The EW structure of the quarks
is illustrated in the root diagram in Fig. 3, in which the
W-states appear as I-, U- or V-spin states with an exclu-
sive or. This does have consequences for the electroweak,
including charge, assignments of the quarks as compared
to those of the leptons, shown in Fig. 4. But, remark-
ably, for each color it leads to a left quark doublet and a
right antiquark doublet as well as right and left singlets.
The way in which the EW structure emerges resembles
the rishon model [22–24], but rather than having two
fractionally charged preons (V and T ) in 3D, the basic
modes are the charged or neutral 1D excitations, evading
the necessity of compositeness. Taking the W-states to
belong to representations of an unbroken SU(3)C symme-
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FIG. 4: Excitations and assignment of electroweak quantum
numbers for both leptons and colored quarks as GHZ- and W-
classes of tripartite entangled states. The charges of tripartite
states are Q = I3 + Y/2 for leptons and Q = Ir3 + Y
r/2 =
Ig3 + Y
g/2+ = Ib3 + Y
b/2 for quarks.
try replaces the implementation of the SO(3) symmetry
in the tripartite space. Thus one has current quarks or
partonic quarks living in 1D with just a P(1,1) space-time
symmetry.
It is possible to construct quark-entangled hadron
states in 3D (see e.g. [25]). Since Z(3)⊂SO(3)⊂SU(3) it
is sufficient to construct global SU(3)C singlets, fully an-
tisymmetric in tripartite space. Confinement has then
been rephrased as a choice of the class of tripartite
states with the appropriate symmetries. The quarks
are entangled into symmetric chiral and spatial ’valence’
modes, composite in space, where baryons are the color-
antisymmetrized combinations of these ’valence’ modes
(see also Ref. [26]).
C. Bosons
The relevant symmetry for the fields without a
mass term is U(1)R×SU(3)R×U(1)L×SU(3)L, while with
a mass term the symmetry becomes P(1,1)⊗SU(3),
where the P (1, 1) includes a discrete Z(2) par-
ity symmetry and SU(3) includes the full range
Z(2)×Z(3)⊂A(4)⊂SO(3)⊂SU(3). The vacuum is R-L
symmetric and invariant under P(1,1)×SO(3)×U(1)EM .
Even if for basis states (Fig. 1) bosons mirror the
fermions, their role in the entangled multipartite spaces is
different. Writing φ
√
2 = χ eiθ, the coupling of bosons to
fermions is different for the scalar field χ and the pseu-
doscalar phase(s) θ, depending on the structure of the
action, the constraints implied by the action and the vev
of the bosonic fields. In tripartite space with a triplet
of complex fields ~φ = (φ1, φ2, φ3) and an SO(3) symmet-
ric vev, |~φ| = 1 or 〈~φ 〉 = φˆ, the gauge freedom can be
5AC-B
<latexit sha1_base64="610AW GTziUX8AA/wWwjFM9JI6Ao=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+ym8bF7bRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vc6Q1Q==</latexit><latexit sha1_base64="610AW GTziUX8AA/wWwjFM9JI6Ao=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+ym8bF7bRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vc6Q1Q==</latexit><latexit sha1_base64="610AW GTziUX8AA/wWwjFM9JI6Ao=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+ym8bF7bRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vc6Q1Q==</latexit><latexit sha1_base64="610AW GTziUX8AA/wWwjFM9JI6Ao=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+ym8bF7bRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vc6Q1Q==</latexit>
AB-C
<latexit sha1_ base64="T7Xpd5uPt9WHAIDjKA uS3uo4Ft4=">AAAB8nicbVBNSw MxEJ2tX7V+VT16CRbBi2W3CHqs9 uKxgv2A7VKyabYNTTZLkhXL0p/ hxYMiXv013vw3pu0etPXBwOO9G WbmhQln2rjut1NYW9/Y3Cpul3Z2 9/YPyodHbS1TRWiLSC5VN8Sach bTlmGG026iKBYhp51w3Jj5nUeq NJPxg5kkNBB4GLOIEWys5PdEKJ +ym9uLxrRfrrhVdw60SrycVCBHs 1/+6g0kSQWNDeFYa99zExNkWBl GOJ2WeqmmCSZjPKS+pTEWVAfZ/ OQpOrPKAEVS2YoNmqu/JzIstJ6I 0HYKbEZ62ZuJ/3l+aqLrIGNxkh oak8WiKOXISDT7Hw2YosTwiSWY KGZvRWSEFSbGplSyIXjLL6+Sdq3 quVXv/rJSr+VxFOEETuEcPLiCO txBE1pAQMIzvMKbY5wX5935WLQ WnHzmGP7A+fwBvcyQ1Q==</late xit><latexit sha1_ base64="T7Xpd5uPt9WHAIDjKA uS3uo4Ft4=">AAAB8nicbVBNSw MxEJ2tX7V+VT16CRbBi2W3CHqs9 uKxgv2A7VKyabYNTTZLkhXL0p/ hxYMiXv013vw3pu0etPXBwOO9G WbmhQln2rjut1NYW9/Y3Cpul3Z2 9/YPyodHbS1TRWiLSC5VN8Sach bTlmGG026iKBYhp51w3Jj5nUeq NJPxg5kkNBB4GLOIEWys5PdEKJ +ym9uLxrRfrrhVdw60SrycVCBHs 1/+6g0kSQWNDeFYa99zExNkWBl GOJ2WeqmmCSZjPKS+pTEWVAfZ/ OQpOrPKAEVS2YoNmqu/JzIstJ6I 0HYKbEZ62ZuJ/3l+aqLrIGNxkh oak8WiKOXISDT7Hw2YosTwiSWY KGZvRWSEFSbGplSyIXjLL6+Sdq3 quVXv/rJSr+VxFOEETuEcPLiCO txBE1pAQMIzvMKbY5wX5935WLQ WnHzmGP7A+fwBvcyQ1Q==</late xit><latexit sha1_ base64="T7Xpd5uPt9WHAIDjKA uS3uo4Ft4=">AAAB8nicbVBNSw MxEJ2tX7V+VT16CRbBi2W3CHqs9 uKxgv2A7VKyabYNTTZLkhXL0p/ hxYMiXv013vw3pu0etPXBwOO9G WbmhQln2rjut1NYW9/Y3Cpul3Z2 9/YPyodHbS1TRWiLSC5VN8Sach bTlmGG026iKBYhp51w3Jj5nUeq NJPxg5kkNBB4GLOIEWys5PdEKJ +ym9uLxrRfrrhVdw60SrycVCBHs 1/+6g0kSQWNDeFYa99zExNkWBl GOJ2WeqmmCSZjPKS+pTEWVAfZ/ OQpOrPKAEVS2YoNmqu/JzIstJ6I 0HYKbEZ62ZuJ/3l+aqLrIGNxkh oak8WiKOXISDT7Hw2YosTwiSWY KGZvRWSEFSbGplSyIXjLL6+Sdq3 quVXv/rJSr+VxFOEETuEcPLiCO txBE1pAQMIzvMKbY5wX5935WLQ WnHzmGP7A+fwBvcyQ1Q==</late xit><latexit sha1_ base64="T7Xpd5uPt9WHAIDjKA uS3uo4Ft4=">AAAB8nicbVBNSw MxEJ2tX7V+VT16CRbBi2W3CHqs9 uKxgv2A7VKyabYNTTZLkhXL0p/ hxYMiXv013vw3pu0etPXBwOO9G WbmhQln2rjut1NYW9/Y3Cpul3Z2 9/YPyodHbS1TRWiLSC5VN8Sach bTlmGG026iKBYhp51w3Jj5nUeq NJPxg5kkNBB4GLOIEWys5PdEKJ +ym9uLxrRfrrhVdw60SrycVCBHs 1/+6g0kSQWNDeFYa99zExNkWBl GOJ2WeqmmCSZjPKS+pTEWVAfZ/ OQpOrPKAEVS2YoNmqu/JzIstJ6I 0HYKbEZ62ZuJ/3l+aqLrIGNxkh oak8WiKOXISDT7Hw2YosTwiSWY KGZvRWSEFSbGplSyIXjLL6+Sdq3 quVXv/rJSr+VxFOEETuEcPLiCO txBE1pAQMIzvMKbY5wX5935WLQ WnHzmGP7A+fwBvcyQ1Q==</late xit>
BC-A
<latexit sha1_base64="VyPGB tfHY1jWBIW8BmDnFG2IYOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+y28bFzbRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vdGQ1Q==</latexit><latexit sha1_base64="VyPGB tfHY1jWBIW8BmDnFG2IYOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+y28bFzbRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vdGQ1Q==</latexit><latexit sha1_base64="VyPGB tfHY1jWBIW8BmDnFG2IYOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+y28bFzbRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vdGQ1Q==</latexit><latexit sha1_base64="VyPGB tfHY1jWBIW8BmDnFG2IYOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT1 6CRbBi2W3CHqs9uKxgv2A7VKyabYNTTZLkhXL0p/hxYMiXv013vw3 pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TR WiLSC5VN8SachbTlmGG026iKBYhp51w3Jj5nUeqNJPxg5kkNBB4G LOIEWys5PdEKJ+y28bFzbRfrrhVdw60SrycVCBHs1/+6g0kSQWNDe FYa99zExNkWBlGOJ2WeqmmCSZjPKS+pTEWVAfZ/OQpOrPKAEVS2Yo Nmqu/JzIstJ6I0HYKbEZ62ZuJ/3l+aqLrIGNxkhoak8WiKOXISDT 7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+Sdq3quVXv/rJSr+Vx FOEETuEcPLiCOtxBE1pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwB vdGQ1Q==</latexit>
A-B-C
<latexit sha1_base64="DaTT3 rqj7uXCFJ/PgTSSGj12jAQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh6 9BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//G bZuDtj4YeLw3w8y8KGFUG8/7dgpr6xubW8Xt0s7u3v5B+fCoo2WqM GljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNB Y0pRsZKQcAj+ZRdV2+qzWm/XPFq3hzuKvFzUoEcrX75KxhInHIiDG ZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUs Yd67+nsgQ13rCI9vJkRnpZW8m/uf1UhNfhRkVSWqIwItFccpcI91 ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8 jiKcwCmcgw+X0IBbaEEbMCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+ ACqJkQw=</latexit><latexit sha1_base64="DaTT3 rqj7uXCFJ/PgTSSGj12jAQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh6 9BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//G bZuDtj4YeLw3w8y8KGFUG8/7dgpr6xubW8Xt0s7u3v5B+fCoo2WqM GljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNB Y0pRsZKQcAj+ZRdV2+qzWm/XPFq3hzuKvFzUoEcrX75KxhInHIiDG ZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUs Yd67+nsgQ13rCI9vJkRnpZW8m/uf1UhNfhRkVSWqIwItFccpcI91 ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8 jiKcwCmcgw+X0IBbaEEbMCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+ ACqJkQw=</latexit><latexit sha1_base64="DaTT3 rqj7uXCFJ/PgTSSGj12jAQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh6 9BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//G bZuDtj4YeLw3w8y8KGFUG8/7dgpr6xubW8Xt0s7u3v5B+fCoo2WqM GljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNB Y0pRsZKQcAj+ZRdV2+qzWm/XPFq3hzuKvFzUoEcrX75KxhInHIiDG ZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUs Yd67+nsgQ13rCI9vJkRnpZW8m/uf1UhNfhRkVSWqIwItFccpcI91 ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8 jiKcwCmcgw+X0IBbaEEbMCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+ ACqJkQw=</latexit><latexit sha1_base64="DaTT3 rqj7uXCFJ/PgTSSGj12jAQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh6 9BIvgpSUpgh6rvXisYGuhCWWz3bRL9yPsbsQS+je8eFDEq3/Gm//G bZuDtj4YeLw3w8y8KGFUG8/7dgpr6xubW8Xt0s7u3v5B+fCoo2WqM GljyaTqRkgTRgVpG2oY6SaKIB4x8hCNmzP/4ZEoTaW4N5OEhBwNB Y0pRsZKQcAj+ZRdV2+qzWm/XPFq3hzuKvFzUoEcrX75KxhInHIiDG ZI657vJSbMkDIUMzItBakmCcJjNCQ9SwXiRIfZ/Oape2aVgRtLZUs Yd67+nsgQ13rCI9vJkRnpZW8m/uf1UhNfhRkVSWqIwItFccpcI91 ZAO6AKoINm1iCsKL2VhePkELY2JhKNgR/+eVV0qnXfK/m311UGvU8 jiKcwCmcgw+X0IBbaEEbMCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+ ACqJkQw=</latexit>
hadrons
<latexit sha1_base64="1bI1k JVv84sBAFzUDPg5inaPlDw=">AAAB+HicbVDLSsNAFL2pr1ofjbp 0EyyCq5IUQZcFNy4r2Ae0pUwmk3boPMLMRKyhX+LGhSJu/RR3/o2T NgttPXDhcM693HtPmDCqje9/O6WNza3tnfJuZW//4LDqHh13tEwVJ m0smVS9EGnCqCBtQw0jvUQRxENGuuH0Jve7D0RpKsW9mSVkyNFY0 JhiZKw0cqsDHsrHbIIiJYWeV0Zuza/7C3jrJChIDQq0Ru7XIJI45U QYzJDW/cBPzDBDylDMyLwySDVJEJ6iMelbKhAnepgtDp9751aJvFg qW8J4C/X3RIa41jMe2k6OzESvern4n9dPTXw9zKhIUkMEXi6KU+Y Z6eUpeBFVBBs2swRhRe2tHp4ghbCxWeUhBKsvr5NOox749eDustZs FHGU4RTO4AICuIIm3EIL2oAhhWd4hTfnyXlx3p2PZWvJKWZO4A+c zx/xcJM0</latexit><latexit sha1_base64="1bI1k JVv84sBAFzUDPg5inaPlDw=">AAAB+HicbVDLSsNAFL2pr1ofjbp 0EyyCq5IUQZcFNy4r2Ae0pUwmk3boPMLMRKyhX+LGhSJu/RR3/o2T NgttPXDhcM693HtPmDCqje9/O6WNza3tnfJuZW//4LDqHh13tEwVJ m0smVS9EGnCqCBtQw0jvUQRxENGuuH0Jve7D0RpKsW9mSVkyNFY0 JhiZKw0cqsDHsrHbIIiJYWeV0Zuza/7C3jrJChIDQq0Ru7XIJI45U QYzJDW/cBPzDBDylDMyLwySDVJEJ6iMelbKhAnepgtDp9751aJvFg qW8J4C/X3RIa41jMe2k6OzESvern4n9dPTXw9zKhIUkMEXi6KU+Y Z6eUpeBFVBBs2swRhRe2tHp4ghbCxWeUhBKsvr5NOox749eDustZs FHGU4RTO4AICuIIm3EIL2oAhhWd4hTfnyXlx3p2PZWvJKWZO4A+c zx/xcJM0</latexit><latexit sha1_base64="1bI1k JVv84sBAFzUDPg5inaPlDw=">AAAB+HicbVDLSsNAFL2pr1ofjbp 0EyyCq5IUQZcFNy4r2Ae0pUwmk3boPMLMRKyhX+LGhSJu/RR3/o2T NgttPXDhcM693HtPmDCqje9/O6WNza3tnfJuZW//4LDqHh13tEwVJ m0smVS9EGnCqCBtQw0jvUQRxENGuuH0Jve7D0RpKsW9mSVkyNFY0 JhiZKw0cqsDHsrHbIIiJYWeV0Zuza/7C3jrJChIDQq0Ru7XIJI45U QYzJDW/cBPzDBDylDMyLwySDVJEJ6iMelbKhAnepgtDp9751aJvFg qW8J4C/X3RIa41jMe2k6OzESvern4n9dPTXw9zKhIUkMEXi6KU+Y Z6eUpeBFVBBs2swRhRe2tHp4ghbCxWeUhBKsvr5NOox749eDustZs FHGU4RTO4AICuIIm3EIL2oAhhWd4hTfnyXlx3p2PZWvJKWZO4A+c zx/xcJM0</latexit><latexit sha1_base64="1bI1k JVv84sBAFzUDPg5inaPlDw=">AAAB+HicbVDLSsNAFL2pr1ofjbp 0EyyCq5IUQZcFNy4r2Ae0pUwmk3boPMLMRKyhX+LGhSJu/RR3/o2T NgttPXDhcM693HtPmDCqje9/O6WNza3tnfJuZW//4LDqHh13tEwVJ m0smVS9EGnCqCBtQw0jvUQRxENGuuH0Jve7D0RpKsW9mSVkyNFY0 JhiZKw0cqsDHsrHbIIiJYWeV0Zuza/7C3jrJChIDQq0Ru7XIJI45U QYzJDW/cBPzDBDylDMyLwySDVJEJ6iMelbKhAnepgtDp9751aJvFg qW8J4C/X3RIa41jMe2k6OzESvern4n9dPTXw9zKhIUkMEXi6KU+Y Z6eUpeBFVBBs2swRhRe2tHp4ghbCxWeUhBKsvr5NOox749eDustZs FHGU4RTO4AICuIIm3EIL2oAhhWd4hTfnyXlx3p2PZWvJKWZO4A+c zx/xcJM0</latexit>
quarks
<latexit sha1_base64="KnHz/ sNsreiX7mnBx1+V+6vTWlI=">AAAB9XicbVDLSgNBEOz1GeMr6tH LYBA8hd0g6DHgxWME84BkDbOTSTJkHuvMrBqW/IcXD4p49V+8+TfO JnvQxIKGoqqb7q4o5sxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEQT2 iCKK92OsKGcSdqwzHLajjXFIuK0FY2vMr/1QLVhSt7aSUxDgYeSD RjB1kl3XRGpp/Q+wXpspsVeqexX/BnQMglyUoYc9V7pq9tXJBFUWs KxMZ3Aj22YYm0Z4XRa7CaGxpiM8ZB2HJVYUBOms6un6NQpfTRQ2pW 0aKb+nkixMGYiItcpsB2ZRS8T//M6iR1chimTcWKpJPNFg4Qjq1A WAeozTYnlE0cw0czdisgIa0ysCyoLIVh8eZk0q5XArwQ35+VaNY+j AMdwAmcQwAXU4Brq0AACGp7hFd68R+/Fe/c+5q0rXj5zBH/gff4A ygWSoQ==</latexit><latexit sha1_base64="KnHz/ sNsreiX7mnBx1+V+6vTWlI=">AAAB9XicbVDLSgNBEOz1GeMr6tH LYBA8hd0g6DHgxWME84BkDbOTSTJkHuvMrBqW/IcXD4p49V+8+TfO JnvQxIKGoqqb7q4o5sxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEQT2 iCKK92OsKGcSdqwzHLajjXFIuK0FY2vMr/1QLVhSt7aSUxDgYeSD RjB1kl3XRGpp/Q+wXpspsVeqexX/BnQMglyUoYc9V7pq9tXJBFUWs KxMZ3Aj22YYm0Z4XRa7CaGxpiM8ZB2HJVYUBOms6un6NQpfTRQ2pW 0aKb+nkixMGYiItcpsB2ZRS8T//M6iR1chimTcWKpJPNFg4Qjq1A WAeozTYnlE0cw0czdisgIa0ysCyoLIVh8eZk0q5XArwQ35+VaNY+j AMdwAmcQwAXU4Brq0AACGp7hFd68R+/Fe/c+5q0rXj5zBH/gff4A ygWSoQ==</latexit><latexit sha1_base64="KnHz/ sNsreiX7mnBx1+V+6vTWlI=">AAAB9XicbVDLSgNBEOz1GeMr6tH LYBA8hd0g6DHgxWME84BkDbOTSTJkHuvMrBqW/IcXD4p49V+8+TfO JnvQxIKGoqqb7q4o5sxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEQT2 iCKK92OsKGcSdqwzHLajjXFIuK0FY2vMr/1QLVhSt7aSUxDgYeSD RjB1kl3XRGpp/Q+wXpspsVeqexX/BnQMglyUoYc9V7pq9tXJBFUWs KxMZ3Aj22YYm0Z4XRa7CaGxpiM8ZB2HJVYUBOms6un6NQpfTRQ2pW 0aKb+nkixMGYiItcpsB2ZRS8T//M6iR1chimTcWKpJPNFg4Qjq1A WAeozTYnlE0cw0czdisgIa0ysCyoLIVh8eZk0q5XArwQ35+VaNY+j AMdwAmcQwAXU4Brq0AACGp7hFd68R+/Fe/c+5q0rXj5zBH/gff4A ygWSoQ==</latexit><latexit sha1_base64="KnHz/ sNsreiX7mnBx1+V+6vTWlI=">AAAB9XicbVDLSgNBEOz1GeMr6tH LYBA8hd0g6DHgxWME84BkDbOTSTJkHuvMrBqW/IcXD4p49V+8+TfO JnvQxIKGoqqb7q4o5sxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEQT2 iCKK92OsKGcSdqwzHLajjXFIuK0FY2vMr/1QLVhSt7aSUxDgYeSD RjB1kl3XRGpp/Q+wXpspsVeqexX/BnQMglyUoYc9V7pq9tXJBFUWs KxMZ3Aj22YYm0Z4XRa7CaGxpiM8ZB2HJVYUBOms6un6NQpfTRQ2pW 0aKb+nkixMGYiItcpsB2ZRS8T//M6iR1chimTcWKpJPNFg4Qjq1A WAeozTYnlE0cw0czdisgIa0ysCyoLIVh8eZk0q5XArwQ35+VaNY+j AMdwAmcQwAXU4Brq0AACGp7hFd68R+/Fe/c+5q0rXj5zBH/gff4A ygWSoQ==</latexit>
leptons
<latexit sha1_ base64="UE+gm3GGCnJrLlGADi OqTf8KMvg=">AAAB+HicbVDLSs NAFJ3UV62PRl26CRbBVUmKoMuCG 5cV7APaUCbTSTt0HmHmRqyhX+L GhSJu/RR3/o2TNgttPXDhcM693 HtPlHBmwPe/ndLG5tb2Tnm3srd/ cFh1j447RqWa0DZRXOlehA3lTN I2MOC0l2iKRcRpN5re5H73gWrD lLyHWUJDgceSxYxgsNLQrQ5EpB 4zThNQ0swrQ7fm1/0FvHUSFKSGC rSG7tdgpEgqqATCsTH9wE8gzLA GRjidVwapoQkmUzymfUslFtSE2 eLwuXdulZEXK21LgrdQf09kWBgz E5HtFBgmZtXLxf+8fgrxdZgxma RAJVkuilPugfLyFLwR05QAn1mC iWb2Vo9MsMYEbFZ5CMHqy+uk06g Hfj24u6w1G0UcZXSKztAFCtAVa qJb1EJtRFCKntErenOenBfn3fl YtpacYuYE/YHz+QMTZZNK</late xit><latexit sha1_ base64="UE+gm3GGCnJrLlGADi OqTf8KMvg=">AAAB+HicbVDLSs NAFJ3UV62PRl26CRbBVUmKoMuCG 5cV7APaUCbTSTt0HmHmRqyhX+L GhSJu/RR3/o2TNgttPXDhcM693 HtPlHBmwPe/ndLG5tb2Tnm3srd/ cFh1j447RqWa0DZRXOlehA3lTN I2MOC0l2iKRcRpN5re5H73gWrD lLyHWUJDgceSxYxgsNLQrQ5EpB 4zThNQ0swrQ7fm1/0FvHUSFKSGC rSG7tdgpEgqqATCsTH9wE8gzLA GRjidVwapoQkmUzymfUslFtSE2 eLwuXdulZEXK21LgrdQf09kWBgz E5HtFBgmZtXLxf+8fgrxdZgxma RAJVkuilPugfLyFLwR05QAn1mC iWb2Vo9MsMYEbFZ5CMHqy+uk06g Hfj24u6w1G0UcZXSKztAFCtAVa qJb1EJtRFCKntErenOenBfn3fl YtpacYuYE/YHz+QMTZZNK</late xit><latexit sha1_ base64="UE+gm3GGCnJrLlGADi OqTf8KMvg=">AAAB+HicbVDLSs NAFJ3UV62PRl26CRbBVUmKoMuCG 5cV7APaUCbTSTt0HmHmRqyhX+L GhSJu/RR3/o2TNgttPXDhcM693 HtPlHBmwPe/ndLG5tb2Tnm3srd/ cFh1j447RqWa0DZRXOlehA3lTN I2MOC0l2iKRcRpN5re5H73gWrD lLyHWUJDgceSxYxgsNLQrQ5EpB 4zThNQ0swrQ7fm1/0FvHUSFKSGC rSG7tdgpEgqqATCsTH9wE8gzLA GRjidVwapoQkmUzymfUslFtSE2 eLwuXdulZEXK21LgrdQf09kWBgz E5HtFBgmZtXLxf+8fgrxdZgxma RAJVkuilPugfLyFLwR05QAn1mC iWb2Vo9MsMYEbFZ5CMHqy+uk06g Hfj24u6w1G0UcZXSKztAFCtAVa qJb1EJtRFCKntErenOenBfn3fl YtpacYuYE/YHz+QMTZZNK</late xit><latexit sha1_ base64="UE+gm3GGCnJrLlGADi OqTf8KMvg=">AAAB+HicbVDLSs NAFJ3UV62PRl26CRbBVUmKoMuCG 5cV7APaUCbTSTt0HmHmRqyhX+L GhSJu/RR3/o2TNgttPXDhcM693 HtPlHBmwPe/ndLG5tb2Tnm3srd/ cFh1j447RqWa0DZRXOlehA3lTN I2MOC0l2iKRcRpN5re5H73gWrD lLyHWUJDgceSxYxgsNLQrQ5EpB 4zThNQ0swrQ7fm1/0FvHUSFKSGC rSG7tdgpEgqqATCsTH9wE8gzLA GRjidVwapoQkmUzymfUslFtSE2 eLwuXdulZEXK21LgrdQf09kWBgz E5HtFBgmZtXLxf+8fgrxdZgxma RAJVkuilPugfLyFLwR05QAn1mC iWb2Vo9MsMYEbFZ5CMHqy+uk06g Hfj24u6w1G0UcZXSKztAFCtAVa qJb1EJtRFCKntErenOenBfn3fl YtpacYuYE/YHz+QMTZZNK</late xit>
H<latexit sha1_base64="GbJXn AP2M06rJgIzuc/+JubMum4=">AAAB8HicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLzlGMA9JljA7mSRD5rHMzIphyVd48aCIVz/Hm3/j bLIHTSxoKKq66e6KYs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRiWa0 BZRXOluhA3lTNKWZZbTbqwpFhGnnWh6m/mdR6oNU/LezmIaCjyWb MQItk566ItIPaWNeWlQrvhVfwG0ToKcVCBHc1D+6g8VSQSVlnBsTC /wYxumWFtGOJ2X+omhMSZTPKY9RyUW1ITp4uA5unDKEI2UdiUtWqi /J1IsjJmJyHUKbCdm1cvE/7xeYkc3YcpknFgqyXLRKOHIKpR9j4Z MU2L5zBFMNHO3IjLBGhPrMspCCFZfXiftWjXwq8HdVaVey+Mowhmc wyUEcA11aEATWkBAwDO8wpunvRfv3ftYtha8fOYU/sD7/AF5W5Ag </latexit><latexit sha1_base64="GbJXn AP2M06rJgIzuc/+JubMum4=">AAAB8HicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLzlGMA9JljA7mSRD5rHMzIphyVd48aCIVz/Hm3/j bLIHTSxoKKq66e6KYs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRiWa0 BZRXOluhA3lTNKWZZbTbqwpFhGnnWh6m/mdR6oNU/LezmIaCjyWb MQItk566ItIPaWNeWlQrvhVfwG0ToKcVCBHc1D+6g8VSQSVlnBsTC /wYxumWFtGOJ2X+omhMSZTPKY9RyUW1ITp4uA5unDKEI2UdiUtWqi /J1IsjJmJyHUKbCdm1cvE/7xeYkc3YcpknFgqyXLRKOHIKpR9j4Z MU2L5zBFMNHO3IjLBGhPrMspCCFZfXiftWjXwq8HdVaVey+Mowhmc wyUEcA11aEATWkBAwDO8wpunvRfv3ftYtha8fOYU/sD7/AF5W5Ag </latexit><latexit sha1_base64="GbJXn AP2M06rJgIzuc/+JubMum4=">AAAB8HicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLzlGMA9JljA7mSRD5rHMzIphyVd48aCIVz/Hm3/j bLIHTSxoKKq66e6KYs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRiWa0 BZRXOluhA3lTNKWZZbTbqwpFhGnnWh6m/mdR6oNU/LezmIaCjyWb MQItk566ItIPaWNeWlQrvhVfwG0ToKcVCBHc1D+6g8VSQSVlnBsTC /wYxumWFtGOJ2X+omhMSZTPKY9RyUW1ITp4uA5unDKEI2UdiUtWqi /J1IsjJmJyHUKbCdm1cvE/7xeYkc3YcpknFgqyXLRKOHIKpR9j4Z MU2L5zBFMNHO3IjLBGhPrMspCCFZfXiftWjXwq8HdVaVey+Mowhmc wyUEcA11aEATWkBAwDO8wpunvRfv3ftYtha8fOYU/sD7/AF5W5Ag </latexit><latexit sha1_base64="GbJXn AP2M06rJgIzuc/+JubMum4=">AAAB8HicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLzlGMA9JljA7mSRD5rHMzIphyVd48aCIVz/Hm3/j bLIHTSxoKKq66e6KYs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRiWa0 BZRXOluhA3lTNKWZZbTbqwpFhGnnWh6m/mdR6oNU/LezmIaCjyWb MQItk566ItIPaWNeWlQrvhVfwG0ToKcVCBHc1D+6g8VSQSVlnBsTC /wYxumWFtGOJ2X+omhMSZTPKY9RyUW1ITp4uA5unDKEI2UdiUtWqi /J1IsjJmJyHUKbCdm1cvE/7xeYkc3YcpknFgqyXLRKOHIKpR9j4Z MU2L5zBFMNHO3IjLBGhPrMspCCFZfXiftWjXwq8HdVaVey+Mowhmc wyUEcA11aEATWkBAwDO8wpunvRfv3ftYtha8fOYU/sD7/AF5W5Ag </latexit> gluons
<latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="hP+6L rUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1 rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3p z0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsi lzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUC k7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g 9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDh N7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYk JN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXe vYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="koCW0 gsGXmwxN+DobWMhAkfaChM=">AAAB6nicbZBLSwMxFIXv1FetVat bN8EiuCozbnQpuHFZwT6gHUsmzbSheQx5qGXo/3DjQhF/kDv/jZm2 C209EPg4J+HenCTjzNgw/A5KG5tb2zvl3cpedf/gsHZUbRvlNKEto rjS3QQbypmkLcssp91MUywSTjvJ5KbIO49UG6bkvZ1mNBZ4JFnKC LbeeuiLRD3nI+6UNLPKoFYPG+FcaB2iJdRhqeag9tUfKuIElZZwbE wvCjMb51hbRjidVfrO0AyTCR7RnkeJBTVxPt96hs68M0Sp0v5Ii+b u7xc5FsZMReJvCmzHZjUrzP+ynrPpVZwzmTlLJVkMSh1HVqGiAjR kmhLLpx4w0czvisgYa0ysL6ooIVr98jq0LxpR2IjuQijDCZzCOURw CddwC01oAQENL/AG78FT8Bp8LOoqBcvejuGPgs8ffxyRUg==</la texit><latexit sha1_base64="koCW0 gsGXmwxN+DobWMhAkfaChM=">AAAB6nicbZBLSwMxFIXv1FetVat bN8EiuCozbnQpuHFZwT6gHUsmzbSheQx5qGXo/3DjQhF/kDv/jZm2 C209EPg4J+HenCTjzNgw/A5KG5tb2zvl3cpedf/gsHZUbRvlNKEto rjS3QQbypmkLcssp91MUywSTjvJ5KbIO49UG6bkvZ1mNBZ4JFnKC LbeeuiLRD3nI+6UNLPKoFYPG+FcaB2iJdRhqeag9tUfKuIElZZwbE wvCjMb51hbRjidVfrO0AyTCR7RnkeJBTVxPt96hs68M0Sp0v5Ii+b u7xc5FsZMReJvCmzHZjUrzP+ynrPpVZwzmTlLJVkMSh1HVqGiAjR kmhLLpx4w0czvisgYa0ysL6ooIVr98jq0LxpR2IjuQijDCZzCOURw CddwC01oAQENL/AG78FT8Bp8LOoqBcvejuGPgs8ffxyRUg==</la texit><latexit sha1_base64="ZA/Ta UJOLPA0H25hewce2TOfWeA=">AAAB9XicbVDLSgNBEOz1GeMr6tH LYBA8hd1c9Bjw4jGCeUCyhtnJbDJkHsvMrBqW/IcXD4p49V+8+TfO JnvQxIKGoqqb7q4o4cxY3//21tY3Nre2Szvl3b39g8PK0XHbqFQT2 iKKK92NsKGcSdqyzHLaTTTFIuK0E02uc7/zQLVhSt7ZaUJDgUeSx Yxg66T7vojUUzbiqZJmVh5Uqn7NnwOtkqAgVSjQHFS++kNFUkGlJR wb0wv8xIYZ1pYRTmflfmpogskEj2jPUYkFNWE2v3qGzp0yRLHSrqR Fc/X3RIaFMVMRuU6B7dgse7n4n9dLbXwVZkwmqaWSLBbFKUdWoTw CNGSaEsunjmCimbsVkTHWmFgXVB5CsPzyKmnXa4FfC279aqNexFGC UziDCwjgEhpwA01oAQENz/AKb96j9+K9ex+L1jWvmDmBP/A+fwDK LpKe</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit>
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<latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="hP+6L rUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1 rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3p z0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsi lzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUC k7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g 9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDh N7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYk JN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXe vYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="koCW0 gsGXmwxN+DobWMhAkfaChM=">AAAB6nicbZBLSwMxFIXv1FetVat bN8EiuCozbnQpuHFZwT6gHUsmzbSheQx5qGXo/3DjQhF/kDv/jZm2 C209EPg4J+HenCTjzNgw/A5KG5tb2zvl3cpedf/gsHZUbRvlNKEto rjS3QQbypmkLcssp91MUywSTjvJ5KbIO49UG6bkvZ1mNBZ4JFnKC LbeeuiLRD3nI+6UNLPKoFYPG+FcaB2iJdRhqeag9tUfKuIElZZwbE wvCjMb51hbRjidVfrO0AyTCR7RnkeJBTVxPt96hs68M0Sp0v5Ii+b u7xc5FsZMReJvCmzHZjUrzP+ynrPpVZwzmTlLJVkMSh1HVqGiAjR kmhLLpx4w0czvisgYa0ysL6ooIVr98jq0LxpR2IjuQijDCZzCOURw CddwC01oAQENL/AG78FT8Bp8LOoqBcvejuGPgs8ffxyRUg==</la texit><latexit sha1_base64="koCW0 gsGXmwxN+DobWMhAkfaChM=">AAAB6nicbZBLSwMxFIXv1FetVat bN8EiuCozbnQpuHFZwT6gHUsmzbSheQx5qGXo/3DjQhF/kDv/jZm2 C209EPg4J+HenCTjzNgw/A5KG5tb2zvl3cpedf/gsHZUbRvlNKEto rjS3QQbypmkLcssp91MUywSTjvJ5KbIO49UG6bkvZ1mNBZ4JFnKC LbeeuiLRD3nI+6UNLPKoFYPG+FcaB2iJdRhqeag9tUfKuIElZZwbE wvCjMb51hbRjidVfrO0AyTCR7RnkeJBTVxPt96hs68M0Sp0v5Ii+b u7xc5FsZMReJvCmzHZjUrzP+ynrPpVZwzmTlLJVkMSh1HVqGiAjR kmhLLpx4w0czvisgYa0ysL6ooIVr98jq0LxpR2IjuQijDCZzCOURw CddwC01oAQENL/AG78FT8Bp8LOoqBcvejuGPgs8ffxyRUg==</la texit><latexit sha1_base64="ZA/Ta UJOLPA0H25hewce2TOfWeA=">AAAB9XicbVDLSgNBEOz1GeMr6tH LYBA8hd1c9Bjw4jGCeUCyhtnJbDJkHsvMrBqW/IcXD4p49V+8+TfO JnvQxIKGoqqb7q4o4cxY3//21tY3Nre2Szvl3b39g8PK0XHbqFQT2 iKKK92NsKGcSdqyzHLaTTTFIuK0E02uc7/zQLVhSt7ZaUJDgUeSx Yxg66T7vojUUzbiqZJmVh5Uqn7NnwOtkqAgVSjQHFS++kNFUkGlJR wb0wv8xIYZ1pYRTmflfmpogskEj2jPUYkFNWE2v3qGzp0yRLHSrqR Fc/X3RIaFMVMRuU6B7dgse7n4n9dLbXwVZkwmqaWSLBbFKUdWoTw CNGSaEsunjmCimbsVkTHWmFgXVB5CsPzyKmnXa4FfC279aqNexFGC UziDCwjgEhpwA01oAQENz/AKb96j9+K9ex+L1jWvmDmBP/A+fwDK LpKe</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit><latexit sha1_base64="qeWTa VBTGFmKjFzGbIggb0fzJgI=">AAAB9XicbVDLSgNBEOyNrxhfUY9 eBoPgKewGQY8BLx4jmAckMcxOZpMh81hmZtWw5D+8eFDEq//izb9x NtmDJhY0FFXddHeFMWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctoxJNa JMornQnxIZyJmnTMstpJ9YUi5DTdji5zvz2A9WGKXlnpzHtCzySL GIEWyfd90SontIRT5Q0s9KgXPGr/hxolQQ5qUCOxqD81RsqkggqLe HYmG7gx7afYm0Z4XRW6iWGxphM8Ih2HZVYUNNP51fP0JlThihS2pW 0aK7+nkixMGYqQtcpsB2bZS8T//O6iY2u+imTcWKpJItFUcKRVSi LAA2ZpsTyqSOYaOZuRWSMNSbWBZWFECy/vEpatWrgV4Pbi0q9lsdR hBM4hXMI4BLqcAMNaAIBDc/wCm/eo/fivXsfi9aCl88cwx94nz/L bpKi</latexit>
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FIG. 5: Identification of MaxEnt classes with physical
bosonic degrees of freedom linked to the symmetries in the
classes (cf. Fig. 2). Hadrons are added as composite states
involving entanglement in space, discussed in Section IV B.
used to eliminate the angles giving ~χ = (1 +ϕH)φˆ where
the fluctuation ϕH corresponds to the scalar Higgs mode.
The fields θ ends up in the gauge fields by writing
1
2 χ
TDσχ = φ
†∂σφ, (14)
replacing in 1D the pseudoscalars φP by eight (instanta-
neous) gauge fields for the G = SU(3) symmetry, carry-
ing color charge c = 8, and leaving in 1D just an innocent
scalar mode resembling XQCD as in Ref. [27]. In 3D one
has four vector gauge fields for the G′ = SU(2) × U(1)
symmetry with electroweak charges (IW , YW ) = (1, 0)
and (0, 0). They take care of the local coupling to
fermions, local both in tripartite space as well in space-
time. These gauge fields appear as discussed at the end
of Section II in the covariant derivatives,
1D : iDσψ
i = i∂σψ
i +
∑
a∈G
gAaσ(Ta)
i
jψ
j , (15)
3D : iDµψ
i = i∂µψ
i +
∑
a∈G′
gAaµ(Ta)
i
jψ
j . (16)
The bosonic quantum states have a bipartite RL struc-
ture and, belonging to definite representations of the
symmetries, form bipartite entangled Bell states fitting
in the classes AB-C, etc. of Figs 2 or 5. The nonet of
3D gauge bosons is LU equivalent to aligned RR and LL
symmetry states, 3× 3 = 6 + 3∗ and 3∗ × 3∗ = 6∗ + 3.
The 3D covariant derivative has the usual EW struc-
ture but with the specific value sin θW = 1/2 [5, 28].
For bosons, the covariant derivative leads to massive
W± and Z0 bosons and a massless photon (γ) in the
usual way, with at zeroth order additional relations like
M = Mtop = MHiggs
√
2 = 2MZ .
The color-space duality (1D to 3D transition) also im-
plies the emergence or freezing of physical gluons in QCD.
For hadrons as 3D entangled quark composites, emer-
gence of gluons also appears at high energies (’small
x’ physics) where staple-like Wilson loops emerge from
lightlike Wilson lines and are associated with zero mo-
mentum gluons [29].
V. CONCLUSIONS
In this letter, concepts of QIT have been used to con-
struct a minimal Hilbert space incorporating the space-
time and SM symmetries. It can provide a natural frame-
work and a new look at the SM, its many parameters and
its open issues such as confinement. The latter is actu-
ally not an issue because quarks and leptons just live
in different entanglement classes, electroweakly interact-
ing via the bipartite entanglement level. Hadrons being
quark composites but also composites such as positron-
ium, atoms and nuclei involve additional entanglement
which for hadrons has been indicated in Fig. 5. Since
the underlying Hilbert space of the tripartite space cor-
responds to a d = 1+1 field theory, one also has all the
advantages of better convergence and absence of natural-
ness problems [30–32]
The next step will be to test this scheme and its impli-
cations. Within the SM it will not invalidate the QCD
part, nor the EW part by itself, but the hope is that
by realizing an underlying simpler basis, one could con-
strain masses and couplings in the SM and handle situa-
tions in which both electroweak and strong aspects come
together. At this point no attempts have been made
to go beyond the zeroth order, which is certainly nec-
essary. After all, the weak mixing angle deviates from
sin θW = 1/2, the mass relations are not precise, the
scale of QCD is not clear and the mass is clearly not con-
centrated in one family. The mass spectrum of quarks
and leptons does require a precise mixing of the quantum
states. On the other hand, there appear to be possibili-
ties to implement basic SUSY, family structure, linking
of space and color into classes of entangled states includ-
ing the emergence of all symmetries of the SM. Under-
lying the hadronic structure there is a quantum world
that at several levels may give insight into effective de-
scriptions like soft collinear effective theories (SCET, see
e.g. Ref [33]), color glass condensates (see e.g. Ref [34],
the AdS/QCD correspondence (see e.g. Refs [35, 36]),
color-kinematic dualities [37] or chiral dynamics at low
energies. Even if at this stage, the approach is mostly
restricted to a representation of quantum states in the
SM, the rich interplay among them make it worthwhile
to further pursue these ideas.
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